The human prorenin receptor (hPRR) was displayed on the surface of Bombyx mori 25 nucleopolyhedrovirus (BmNPV) with and without fusion to glycoprotein 64 (GP64) of the 26
(HA) or vesicular stomatitis virus G glycoprotein (VSVG) (3, 4). The N-terminal domain of 48 neuraminidase from influenza virus has also been used as the transmembrane domain (5). 49
To date, Autographa californica multiple nucleopolyhedrovirus (AcMNPV) that can infect 50 Spodoptera frugiperda, Trichoplusia ni, and cabbage loopers, has been the most widely used 51 baculovirus for baculovirus surface display. The display system using Bombyx mori 52 nucleopolyhedrovirus (BmNPV) has been employed, but it is in a few (6, 7). BmNPV is a 53 pathogen of the silkworm B. mori, and both AcMNPV and BmNPV belong to the family 54 Baculoviridae. BmNPV is also used for recombinant protein production, especially when 55 insect larvae, silkworms, are used as hosts. Silkworms are bigger than and superior to 56 cabbage loopers for recombinant protein production. The baculovirus titer in the hemolymph 57 of BmNPV-infected silkworm larvae is higher than that in the BmNPV-infected Bm5 cell 58 culture supernatant. When insect larvae are used, sterile conditions and culture medium, 59
including serum and growth factors, are not required during the protein production process. 60 Therefore, the insect larvae are advantageous to mass production of virus titer and 61
recombinant protein. 62
In this paper, the human (pro)renin receptor (hPRR) was employed to display on the 63 surface of BmNPV in the culture of B. mori-derived Bm5 cells. Three types of constructswestern blotting Proteins were separated by SDS-PAGE using 12% polyacrylamide or 5-112 15% gradient polyacrylamide gels that were subsequently subjected to western blotting. For 113 electrophoresis under nonreducing conditions, the samples were mixed with sample buffer 114 without -mercaptoethanol and boiled. After SDS-PAGE, the proteins were blotted onto a 115 polyvinylidene fluoride (PVDF) membrane using the Mini Trans-Blot Electrophoretic 116
Transfer Cell (Bio-Rad, Hercules, CA, USA). After blocking in 5% skim milk in Tris-117 buffered saline containing 0.1% Tween 20 (TBST), the membrane was incubated for 1 h in 118 either 1: 10000 diluted mouse anti-FLAG M2 antibody (Sigma-Aldrich, St. Louis, MO, 119 USA) or 1: 4000 diluted rabbit anti-Bmgp64 polyclonal antibody (BioGate Co., Ltd., Gifu, 120 Japan). The membrane was washed with TBST and then incubated for 1 h in 1: 20000 diluted 121 anti-mouse or anti-rabbit IgG antibody labeled with horseradish peroxidase (GE Healthcare 122 UK Ltd., Buckinghamshire, England). Detection was carried out using the ECL Plus Western 123 blotting reagent (GE Healthcare UK Ltd.). Specific bands were detected on a Fluor-S MAX 124
MultiImager (Bio-Rad). 125
Immunofluorescence microscopy Bm5 cells were infected with hemolymph and 126 cultivated for 2 days. The culture medium was sampled, and infected cells were attached to 127 polylysine-coated slide glass. These cells were fixed with 8% formalin solution (Wako Pure 128
Chem. Ind. Ltd., Osaka, Japan) for 20 min and washed with PBS (pH 7.0). Any remaining 129 aldehyde was quenched with 50 mM NH 4 Cl in PBS. The fixed cells were washed with PBS 130 and blocked overnight with 8% (w/v) bovine serum albumin (BSA) in PBS. After blocking 131 with BSA, the cells were incubated for 2-3 h with 1: 1000 dilution of mouse anti-FLAG M2 132 antibody in PBS and 2% BSA. The cells were washed with PBS and incubated for 1 h with 1:
(Jackson ImmunoResearch Laboratories Inc., West Grove, PA, USA) in PBS and 2% BSA. 135
The endoplasmic reticulum (ER) was stained with 1 M ER-Tracker TM
Red (Molecular 136
Probes, Carlsbad, CA, USA) at 4°C for 30 min. After staining, the cells were examined by 137 confocal laser scanning microscopy (TCS-LS, Leica Microsystems, Heidelberg, Germany). Trimers I and II of GP64 with molecular weights above and below 220 kDa, respectively, 184
were observed in each rBmNPV. This was confirmed by western blot using the anti-Bmgp64 185 polyclonal antibody under nonreducing conditions (Fig. 3A) . The hPRR1 (38.4 kDa) was 186 present as a monomer under both reducing and nonreducing conditions (Fig. 3B ). The hPRR2 187 (288 kDa) was also observed above GP64 trimers I and II (around 220 kDa) when the anti-188 Bmgp64 ( Fig. 3A) and anti-FLAG M2 antibodies were used under nonreducing conditions 189 (Fig. 3B ). Under reducing conditions it was observed between 80 and 100 kDa (95.8 kDa) 190 (Fig. 3A) . This suggests that hPRR2 is also a trimer. The hPRR4 was not clearly observed by 191 the anti-Bmgp64 antibody under either reducing or nonreducing conditions because its 192 molecular weight is similar to that of GP64 (Fig. 3A) . The hPRR4 (64.7 kDa) was detected 193 between 60 and 80 kDa under reducing conditions by using the anti-FLAG M2 antibody (Fig.  194   3B) . Under nonreducing conditions, the hPRR4 was stacked in a well. This suggests that 195 hPRR4 formed aggregates. A protein band at 220 kDa was detected under nonreducing 196 conditions, which were also observed in rBmNPV-CP --GGT2. This means that this band was 197
nonspecific (data not shown). 198
During the budding and assembly of budded baculoviruses, GP64 is localized in discrete 202 areas on the plasma membrane, and these sites appear as budding sites (15, 16). Therefore, 203 whether each hPRR is able to localize in the plasma membrane in a manner similar to that of 204 GP64 or not was investigated. The hPRR (hPRR1 in this report) has been reported to localize 205 in the ER in HeLa-S3 cells (17) and in the intracellular vesicular complexes and plasma 206 membrane in cardiomyocytes (18). In this study, hPRR1 was observed in ER, at the same site 207 stained by ER tracker. However, hPRR2 and hPRR4 were observed in the periphery of ER 208 ( to a slight extent (Fig. 5) . In the cases of hPRR1 and hPRR2, the response increased with the 217 incubation time, indicating that rBmNPV-hPRR1 and -hPRR2 bound to the immobilized 218 renin, indicating that hPRR1 and hPRR2 were localized on the surfaces of the rBmNPVs 219 respectively. The response of rBmNPV-hPRR4 was at the same level as that of the control, 220
indicating that the binding of rBmNPV-hPRR4 to renin was nonspecific. This suggests that 221 although hPRR4 might be incorporated in rBmNPV-hPRR4 through the transmembranehas been reported earlier. The AcMNPV baculovirus has been mainly used in these systems, 228
but BmNPV has been used in very few cases (6, 7). In general, display of recombinant 229 proteins has been achieved by fusion with GP64 present on the baculovirus surface. However, 230 recombinant proteins with their own native transmembrane domains without fusion to GP64 231 was also expressed and displayed on the surface of baculoviruses (11-13, 19, 20) . In this 232 study, we tried to express hPRR on the surface of BmNPV by fusing it with GP64 of 233
BmNPV or in its native form. 234 hPRR1 and 2 were expressed on the surface of rBmNPV. The hPRR1 without fusing to 235 GP64 was displayed on the surface of rBmNPV but not on that of AcMNPV (21). This 236 suggests that the mechanism of protein display on the surface of BmNPV was differed from 237 Met of GP64, was expressed, but rBmNPV-hPRR4 254 did not bind to renin (Fig. 5) . In previous report, purified hPRR4 was not able to bind to 255 human renin (24). The hPRR4 was detected under nonreducing conditions in the upper part 256 of the SDS-PAGE gel in this study (Fig. 3) , suggesting that it is present in rBmNPV particles 257 as non-functional aggregates. GP64 from AcMNPV or BmNPV has 15 cysteine residues and 258 is expressed as a trimer. Moreover, the oligomerization domain, which is in the form of a 259 leucine zipper motif, is located between amino acids 298 and 339 in GP64 of AcMNPV (25) . 260
This oligomerization domain is also present in GP64 of BmNPV. Twenty-five amino acids 261 from this domain in GP64 were deleted in hPRR4, which may result in the aggregation of 262
hPRR4 (25). 263

Incorporation of hPRRs in rBmNPVs and immunofluorescent microscopic observation 264
suggest that hPRR1 was expressed in ER, but hPRR2 and hPRR4 were in the periphery of ER 265 (Fig. 4) . This indicates that the C-terminal domains of hPRR and BmNPV GP64, which 266 include the transmembrane and cytoplasmic domains, direct proteins to go through the 267 secretory pathway in Bm5 cells and be expressed in the membrane fraction in the secretory 268 pathway. Previously, it has been reported that hPRR1 localizes in the ER in HeLa-S3 and Sf-269 Time (min)
